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DESCRIPTION 

Illuminalion system conQxiisiiig a ladiadon source and a fluozesoeiit material 

Tlie present inventioa gmmdly relates to an illumiiiation system conqxiising aiadiatLon souioe 
and a fhiocesoent material ooixqnising a phosphor. The invention also relates to a phosphor fi»r 
5 use in such iUumination system. 

Mote i^iiticulariy , the invention relates to an iUinnination syst^ and fluoiescmt material 
conqaifflng a phosphor for flie generation of spedfic, colored lights including white li^t, by 
luminescent down conversion and additive color mixing based on a ultraviolet or blue radiation 
10 CTMtling radiation source. Alight- emitting diode as a radiation source is eq^edally 
contemplated. 

Recrafly, various attempts have berai made to make white light emitting illumination systems 
by using Kght CToitting diodes as radiation sources. When generating white light with an 
15 arrangement of red, green and blue lig^ht emitting diodes, thi^ has been such a problem that 
white light of the desired tone cannot be generated due to variations in the tone, luminance and 
oflier factors of the ligjht emitting diodes. 

In order to solve these problems, there have been previously developed various iUumination 
systems, which convert tiie color of li^ wMch is emitted by li^t emitting diodes, by means 
20 of a fluorescent material comprising a phosphor to provide a viahle white light illuminatioa 

US 5 998 925 discloses a wMbe lig^it emitting LED device. It uses yttrium aluminum garnet 
doped wiOi cerimn, Y3A15012Kje» to convert blue emission of an loGaN-diode into ydlow 
to produce wfaibeli^ of suitable color trao^ieiature. Anotiieriqp[^ according to WO 
OQ/33390 uses a combination of a blue cutting LED together with a green and red phosphor. 
25 The phosphors are at least one of a first phosphor, among others thiogallates 



-2- 



PHDE020311EP-P 



(Sr,Ca,Ba)(Al,Ga)2S4Eu, and at least one of a second phosphor, among others metal sulfide 
SiS^u, or (Ca;Sr)SiEu, or fluogaUatB CaLa2S4:Ce, to produce white light of distinct ccOxs 
tempetatme. Ihe fldogallate (SiCa3aXAl,Ga)2S4-Eu can be used to generate spedfic colors 
tc^ettier with light emitdng demools such as bine IJQDs. 

5 The above mentioned 0iO5^hors can be used to produce white 

trarperatuiBS and suitable index of color nndering by luminesoent down conversim of primary 
LED emission, but fliey exhibit several drawbacks related to total amversion efficiency, 
absorption sliengfli. emission wavekngth timaWlity , tiieraial queaadiing characteristics and life 
tiine which are of hi^ in^Qrtaiice for using tiiBse pho^ors in IJBDs^ 

10 E^pedalfywhm a li^ emitting diode having a hi^-eneacgy band gj?) is used 

converalon efiBdency of the phosphor material, then energy of li^ emitted by flie 
senuconductor is increased The number of photons having eaieigies above a fhieshold, which 
can be ta>8Qrbed by the phosphor material, inojeases, resulting in more 1^ 
and flie effidency brang inoBased But also flie energy absorbed by flie fluorescent materia 

15 inevitably inaeases, resulting in more agnificant degradation of the fhrares^ 

tiie Hght emitting diode with higher intenaty of light miisaon for an extraided period of time 
causes furtiier rnore signifik»rxt degradation of tiie fluorescerrt nsa^^ 

Also ttie fluorescait mateaial providedin the vidnily of flie li^t-emiMiDgcamponraitnMy be 
eqwsed to a Mgh trai?)etaturB such as rising temperature of ttie li^ em 
20 heat tcansrnittedficcmitiie external envircnmient 

Furflifir, some fluorescent materials are subject to accelerateddaatioration due to 
COTiWnation of rnoishTO entered from flie outade or intixiduced dur^ 
process, Ob light and heat transmitted fo»n fliB hg^ emitting dio^ 



25 By US 2002/0043926 AlflieiB is provided a ligJit-emidiEgutiit which con^ris^ 
a H^-ciiritting device for emittirig wifli a waveleogfli range of fi^ 
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and a fluarescent material made of Ca- AI- SiO-N oxynitride ^as& activated wifli Ec?'";whetdn 
a part of li^ emitted fixim flie em 
wavelength converaon by the fluorescait ma te ri al , 

5 Still flbere is an ongoing need to generate new phoqihor compositions to in^wrove efadracy 
and color quality in kanmescCTt devices, particulady in the production of white ligjbL 

Thus the present invention provides an illumination systen, compridng aiadiation source and 
a fluorescent material coniprising at least one phosphor capable of absorbing a part of light 
1 0 emitted by tiie radiation source and emitting li^ of wavelaigfli dififerait fix>m that of ftie 
absorbed ligjrt; wherein said at least one phosphor is an oxido-nitrido-silicate of gpneral 
formula 

EAa^isHiBaNg^Oaitfe, wheran 0<z^landO<a<5. 

comprising at least one elraaent EA. selected frorn flie group consisting of Mg, Ca, Sr, Ba and 
15 Zn and at least one element B seloted fix)m the group consisting of Al, Ga and Li, and bemg 
activated witii a lantiianide sdectedfitom the group conasting of cerium, europium, terbium, 
praseodymium and mixtures thereof. 

This type of phosphor emits in the red spert 
provide tiie red componfiait in IJBDs emitting ^)^^ 

20 eEBkdency can be up to 90 %. Additional in^Kxrtant dharacteristics of fte phosphors include 1) 
resistance to fliennal quenching of luminescence at typical device operating tranperatures (e.g. 
80**Q; 2) lack of imerfiering reactivity wifli the mcjq?sulating resins used in the device 
fihrication; 3) suitable absorptive profiles to minimTye dead absoiptijCHi wiflnn the visible 
fipftrfmm ; d) a temporally stable lumhious outPut ovcr tiie operating lifetime of the device and; 

25 5) corxq^ootionally controlled tuning 
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Another aspect of tiie pteseat inventioa provides m illumination system wbeatein llie 
fluQiescentmateadal conipdses aphospihor of ^oeral fomiiilaE^£Hz3^«BaNF8^0ali^ wbeasin 
0<z^ 1 aadO<a<5conpjsmgatleastoncdenientEALsetect^ 
consisting of Mg, Ca, Sr, Ba and Zn and at least one elemi^t B selected from the group 
5 consisting of Al, Ga and lo, and being activated with an lanthanide selected from flie gcoiq) 
consisting of cerium, europium, terbium and mixtuces Ibeieof and a yellow or gceen phosphor. 

Preferably the yellow or green phosphor is selected of the group of MS-JBu,C3e»Cu con^rising 
at least one elemait selected from the group M = Mg, Ca, Sr, and Zh; 

1 0 MN2S4:Eu,Ce comprising of at least one elemmt selected from the group M = Mg, Ca, Sr, 
andZh at least one element selected from the group N = Al,Ga, In, Y, La, Gd, 

(Rei^n]b)3(Ali-sGas)50i2:C3e, where 0 = r<l andO = s = l and Re selected from Y, Lu, Sc, 
LaandGd 

and (Bai.x.3^23rxCay)2Si04iB^^ wheiein 0 :S X ^ 
15 The emission spectrum of such a fluorescent material has the appropriate wavelengths to 
obtain together with the blue light of the LED a high quahty white Ught with good color 
renderiiig at the requited color teniperaturo 

Preferably the fluoresce material of the illumination system comprises a pho^hor of general 
20 formula 

wherein 0<a< 5. 0<b ^ 1, 0 <x ^ 1 andO<z^l 

EspeciaUy piefeoied aro EuCD) activated oxides 
sdected from ttie eartii aHcaline inetals Sr aloi^ or in cono^^ 
25 selected as Alaccorcling to gsaieral formula (Sr i.x-yBaxCay )^^i5^AtN»4iOaiEus wherc^ 
a<5,0<x^ l,0^y< l.andO<z^ 1. 
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Iq particular, the invention idates to specific phosphor conq)osition Sr1.96Sj3AlzN6O2iEao.04 
wfaudx esdnhit a hj|^ qua^^ 

mn to 470 nm of 60-80% and low loss, below 10%, of tiie hrnii^^ 
rooni tenq)eratiHe to 100 ^ due to tiie^ 

5 The invention is also concerned witii aphosphor ccqpable of absodTing apart of light emitted 
by file radiation source andonittinglig^ of wavelengfti different fnranfliat of tibe absorbed 
lig^t; whercin said at least one phosphor is an oxi^ 

EA2HzSi5JBJ^ sJOaiJfe wheiraa 0 < z ^ 1 

comprising at least one element EAl selected from the group consisting of Mg, Ca, Sr, Ba and 
10 Za and at least one elemoat B selected fix)m the group consisting of Al, Ga and In^ and being 
activated witii a lantbanide selected fix)m the group consisting of cerium, europiuni, terbium 
and mixtuies thereof . 

BRIEF DESCaEOPnON OFTHE DRAWINGS 

15 FIG. 1 shows a schematic view of a trit-color white LED lai^p conqprising a two-phosphor 
mixtuie of Sri.96S%AtN602iEuo.o4 and Sr Ga2S4iEu positioned in a palhway of quitted by 
an LED structme. 

FIG. 2 discloses the X-r^ dif&action diagcam of Sri.96SbAl^602£ao.o4 . 

HG. 3 discloses an CToission spectrum of Sri.96Si^^ 
20 LEDat460ma 

FIG. 4 discloses an exdtation spectrum of Sri.96Si3At^^2^Ei3o.o4 upon excitation by a blue 
LEDat460nmL 
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DETAILED DESCEOPTION 

The presmt invention focuses on a lanflianide- activated oxido-nitrida-sflicate as a phosphor in 
any configtnadon of an illumination systen containing a radiation source, including, but not 
limited to dischai^laiBps, fluorescent lane?®, ISDs, andUDs* While tiie use of the present 
5 phosphor is contsanplatedftM: a wide array of lighting, flie present invention is desodbed wifli 
particular lef eraice to and finds particular application to UEDs. As used herein, the tarn 
^i ght" enconqpasses radiation in the UV, JR and viable le^ons of the electromagnetic 
spectruHL 

10 The fluorescent material according to the invaition comprises as a phosphor a 

lant>iflTii<lft activated oxido-nitrido-silicate comprising an element EA selected from the eartti 
alkaline metals Mg, Ca, Sr, B a and fix)m zmc and at least one additional metal B selected from 
the group of Al,GaandIn. 

15 The phosphor conforms to the general formula EAz-zSfe-aBaNs^Oa Jjk, wherdn 0 < z ^ 1 and 
. 0<a.<5. - 

Ihe temi "phosphor'* is used throughout this si)edfication and the appraded claims in its 
conventional mfaning, to mean a luminescent material fliat can absorb an exdtation energy 
20 (usually radiation energy) and store this oiergy for a period of time. The stored energy is flien 
emitted as radiation of a diflfeient energy flian flie initial excitation enagy . For exsnxp]^ 
"down-conversion" lefisrs to a situaticMi where the emitted radiation has less quantum aieigy 
lhan the initial exdtation radiation. Thus, Ihe 

increase is termed a "Stokes shitt". "Pp-conversion" refers to a ^toation whoe flie emitted 
25 radiation has greatierqaarrlxim energy flm the 

The temi "activator" is used hscein to mean a substance incorporated in a phosphor as an 
activator or luminesomt center, eitha substitutionally or inlostitially with respect to tiie crystal 
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lattice of the host substance^ or even adsorbed on a surface of the crystal lattice of the host 
substance. The tenn "acdvator^' can also incl^ 
eneatgy tcansfet. 

5 The activators play a dedstve role due to llie conqK>sition dqiendent crystal field depend^ice 
of absorption, emission and conversion behavior of the optical 4f-5d ttansilions of the emittin g 
caters. 

Ihe 1 ^tl^a"i^ft activator of ttie present invention is chosen fix)m l9ie group consisting of cerium, 
europium, terbium, praseodymium and mixtures fliereof The pieTeiied lanth a nid e, or mixtures 
10 thereof, is chosen to correspond to the emission wavelengths desired in the li^-eniittirig 
device. 

The choice of the iflntTianidft activator of the phosphor determines ttie emission waveleiigih of 
the phosphor. For example, when the exciting radiation is in tiie UV rang^ and lanthanide Ln is 
europium(II), the peak in the emission spectram is typically of longer wavelength (580- 660 

1 5 nm), and appears red When the exciting radiation is in the UV range and lanthanide is terbium 
cm), the peak in the emission spectrum is typically of shorter wavelength, and sqppears greerL 
When the exdting radiation is in flieUVrarige and the lanftianide is cerium (m), the peak in 
the CTmssion spectrum may be of evaa shorter wavdenglh, and appear blue. It is therefore 
apparent that by choosing the correct lanftanide component in the present invoitive phosphor, 

20 UV radiation ftom aUBD can be converted to different visible colors. 

The physical properties of the phosphor, such as the location and shape of the absorption 
qpf^im cffTi aloffc Tift mflnipnlated hy flie choice of ftie EA metals, fliear idative amounts and 
tiie anoourit of B metals and their rdative ainount 



25 The metalBA is diosen fitomflie group including, but not hrmled to Mg, Ca, Sr, Ba andZou 
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The physical properties of fihe present phosphor may also be varied by the choice of flie 
amount of substitution of silicon by metal B in the host lattice. Ihe metal B is chosen fix>m the 
groiq) including, but not Umiied to Al, Ga and Id. 

Ja addidon, silicon noay atbemattvely be subsliluted by germaniiim, 

5 

The inc<Mpoiation of oxygsn into the nitridosilicate lattice of the known phosphors such as 
EAgSisNsdBu decreases the prppordon of covalent bond and ligand field splitting with respect 
to the activator catLoa As a consequence this leads to a shift of excitation and emission bands 
to shorter wavelengdis in conq)arison to nitridosilicate lattices. 

10 

Preferred examples of this class of phosphors are 

(Sr i-xEAx )2JS J8b)aNjuOaii^., 
whereinO<a<5,0<b^l,0<x< 1 andO<z< 1 

..Especially preferred are Ba(E) activated oxido-nitrido-alicate corcprising an element EA 
1 5 selected from the earth alkaline metals Sr alone or in corhbination with Ca and Ba and metal B 
selected as Al according to general formula (Sr i-x^BaxCay yi^is-JiiJ^^O^iBaz wherein 0 < a 
<5,0<x^l,0^y^land0<z^l. 

Ja particular, tiie invration relates to spedfic phosphor composition Sr1.96Sj3AtN6O2iBuo.04 
which exhibita hi^quantumeflBoenc^^of 80- 90%,M£^absc»^^ 
20 nm to 470 nm of 60-80% and low loss, below 10%, of tbe luminescent lumen output from 
room terxq)erature to 100 ^ due to tiiemoal qi^ 

Sri.96SibAt2N^2'*Buao4 emits in die red q)ecb:al range of the visible spectrum and thus can 
provide the red con^onent in LEDs emitting spedfic coloots or even ^bite lighL 
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MacQT other examples of suitable jdiosphors which adhere to the graiecal fQimulaEA2^j5. 
aBaN8^Oaiaiz»whfa:ein0<z< 1 and0<a<5,ai»c»iilm5)latedandwinbeobvio 
skilled artisan. 

5 The above listis inteiidedtDbeiUuslxalive and shouldnotbe c(»[islruedlD bel^^ 
way. 

These red to yellow-ied emitting phosphors are prepared by the following technique: To 
piepaie the mixed oxides high purity nitrates, caifoonates, oxalates and acetates of the earth 

10 aHfalinft yirv^fflii^ tyr rinn smd flift If^titftaniHftg wpm diRRnlved with stimng in 25-30 ml dcloriized 

water. The solutions aie stjned with heating on ahot-plale until the water has evaporated 
resulting in a white or yellow paste, depending on conq)osition. 

The solids are dried ovemi^t (12 hours) at 120 "^C The resulting solid is finely gjound and 
placed into a high purity alunodna cradble. The cradbles are loaded into a charcoat containing 
15 basin and then into a tube furnace and purged with flowing nitrogea/hydrogen for several 
hours. The furnace parameters are 10 ""Cyniin to 1300 °C, followed by a 4 hour dweU at. : 
1 300°C after which the fiimace is turned off and allowed to cool to room teoqterature. 

These metal oxides aie mixed wifti silicon nitride SfeN4 and the nitrides of the B-Metals such 
as AIN in predetecmined ratios. 

20 The powder mixture is placed into a hi^ purity aluniinaarudble. Tlie craables are 
a chaicoatoontaiiiiag basin and then into a tube fiimaoe m 

nitrogeo/hydnjgenfcrseverd hours. The fi^^ 10 ^CVmiQ to 1600 ^C, 

followed by a 4 hour dwdl at 1 600^C after whidi the fiimaoe is slowly cooled to room 
teixq[^e[ature« 
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The san^les aie once again finely ground before a second annealing step at 1600^C is 
performed. 

Lunmnous ou^nit may be inpDved flm>ugh an additional third anneal at sli^itly lower 
tenqseiatures inflowing argqrt 

5 The phost&or prcpased by sudi method according to the genmd formula IBAiShAi^JSieOi'Ba 
coiiqziises a host lattice with the main con^nenls of Si, N and AL It may also comprise 
traces of F, CI, H,C and O. The host lattice has a stnK)^ - 
units in a three- dimensional netwods; wherein silicon as well as aluminum are tetcahedtically 
surrounded by nitrogen and oxygen. 

10 

T^thin the three dimensional network alkaline earth ions such as calcium, strontium, barium, 
mf^gnesium and zinc as well as europiumOQ^ are incorporated. 

X-ray diffiaction of Sri.96SfeAtN602*JEuo.o4 as shown in Kg. 2 is consistrnt with the x-ray 
15 diffraction of SraSfeNa IT. SUeper, W. Milius, W. Schnick, Z. Anorg. AUg. Chem. 621 (1995) 
1380] with certain small de\dations of position and intenaty due to the substttutton of divalent 
metal ions and europium for strontium, aluminum for silicon and oxygen for nitcogeiL 



In an exoxplary anbodirneirt, the physical character^ 
20 Sri^SisAl2N6O2£ub.04 are described by FIGS. 2 and 3* FIG. 2 is the excitation spectrum of 
fte noted red jfi^ospJaar md is a measurranent of ttie rdalive intensity of red emission 
veisus excitalion wavelength, while the red emission is measured at a ccmstant wavelengttL 
FIG. 3 is the emission spectra of the noted red phosphor and is a measurement of the relative 
intensity of emitted light at various wavdbengOis while ttie excitation is held constant 

25 In FIG. 3 it can be seen that when the emission intensity of the phosphor at 6 15 nm is 
measured, it is most intense when excited by radiation in tiie rang^ of about 300-450 nm. 
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whidi is in llie near-UV to blue range of flhe dectromagnetic radiation spectrum. FIG- 2 
shows ttiat whim the exdtalion of Ifae phosphor is held constant at 450 nm (the san^le is 
excited only by xadialion at 450 nm), Ihe endsalon wavdaagth of the phosphor is strongest in 
the rangp of about 605-630 nm, which is peix:dved as r^ 

5 The invention also ccxocems an iUumination system conqxdsiiig a radiation source and a 
fhioiescait rnaterial conqirisiD^ 

aOaii^ with addition of oflier well-known pho^hors, which can be combined to achieve a 
qpedfic color or wMte whaa irradiated by a LED en^ 
specified above. 

10 Accordingly, the phosphors may be mixed or blended to produce desired colors* It is . 
generally known that phosphor powders do not interact as a result of lanq) making and Ihey 
exhibit the b^efidal property that their spectra ate cumulative in nature* Hence, the spectrum 
of an illununatim sy stmi that includes a blend of phosphors will be a linear combination of the 
spectra of the radiation source and the individual phosphors. For example, if a red phosphor 

15 of the presOTt invention, Sr1.96SiAtN6O2iEuo.04 were mixed wifli any blue phosphor the light 
produced would appear purple to the eye. 



Bxeciq>la]y emlx)dinaents of the piesmt invention i^ or blue LED and a 

fluoiescent matoial comptising at least two pho^hors which together produce while li^ 
20 having pleasing characteristics. Preferably gi^ are selected so fliat they 

aieexcitedby tbeblue-einittinglJBD. The red phosphor is chosen to be 
Sri56S%AtN602iEuo.o4 

The greCTi to yellow color-emilting phosphor typcally has an emission peak at 510-560 imi 
wi& a fijll widfih at half maximum of not more than 60. 



25 Said at least one othor giem to yellow color-emitting phosphor may ccmpnse a 

photohnninescent metal sulfide MS catnpdsing at least one element selected fiom ttie group M 



-12- 



PHDE020311EP-P 



=:Ba,I^, and Za alone GOT in cornbinalion i^tti at least one of Sr, Ca; ttie sulfide being 
activated with europiuxn, oedum or copper. 

Said at least one other phosphor may also concpise at least one green phosphor conqnising a 
onnpleK metal fbiometallate photolvuninescent material MN2S4 oompdsed of at least one 
5 etemmt selected from the group M = Mg, Zn, alone or in combination wifli at least one of Ba, 
Sr, Ca, and at least one element selected from the group N = Al, Ga, alone or in combination 
with In, Y, La, Gd, the thipgallate being activated wilh at least one of europium (Eu) and 
cerium (Ce). 

10 Said at least one phosphor may also conqxdse at least one green pho^or comprising garnet 
fluorescent material represented by a graeral formula (^i^wthiMiJ^) 50i2:Ce, where 
0==r<l andO=s=l and Re is at least one selected from Y,Lu,Sc, La and Gd, activated with 
cerium. 

15 . . Said at least one phosphor may also comprise at least one green phosphor comprising silicate 
fluorescent material represented by a g^eral formula (Bai.x-y-23rxCay)2Si04:Eu2, wherein 0 < 
x:Sl,0^y^l and 0 < z < 1 , activated by europium. 

Radiation sources suited to use in the presmt invmtion include but are not limited to GaN- 
20 basedOtaAlGaN) semcouductpr deyioes, Sjptabte GaN.senpconductar jnatoials for.farming . 
the omitting coiqponents are ^nerally rqxtesented by the gpnoal formula Ir^^jaj AtN, 
wheate I, J, and K are greater flian or equal to zero, and I+J+K=l . The nitride semiconductor 
i Ti flt ffrifllR may thus include m^^«i« such as IhGaN and GaN, and may be doped with various 
iixqnnities, for exanapte» fior inqx^^ 



PHDE020311EP-P 
-la- 



While fhe inventioa is desoibed 
conq)ooents, it should be apptedated ^ 

differont legion in file decttomagD^ • 
emitting Tjm or LD, sudi as an aihrnmiuni indiinn gallium phos|Mde (AlIbGaP) LED would 
5 also be s^licable. 

ELectrohuninesomt xadiatioa sources include sCTiiconductor qplical radiation flutters and 
oilier device that endt optical rad^ SCToiconductor 
optical nufiadonCTdtteis include li^emitdng diode IJED chips, Hgjit emitting polj^^ 
(LEPs), oig^nic light enutting devices (QLEDs), polymer light emitting devices ^^LEDs), etc. 

10 Moreover, li^ OToitting components such as those found in dischatge lanq)s and fluorescent 
laiqps, such as mercury low andhi^ pressure discharge lamps, sulfur discharge lan5)S, and 
discharge lamps based an molecular radiators are also contemplated for use as radiation 
sources with tihe present invaitive phosphor compositions. 

15 Any configuration of an illuniination system which iacludes a li^t emitting diode as a radiation 
source and a phosphor composition is contemplated in the present inventioa In an exemplary 
embocfiment, the phosphor is located adjacent to tiie LED. In another embodiment, the 
phosphor is situated between encapsulant layers and is not in direct ccmtact with the LED. In 
yet another CToibodimeat, tiie pho^bor is dispersed throughout an encapsulating layer. 

20 Notwitligranding fliftsft de5CThfld cnnfigmations, fee skjlled artisan will recognize that any LED 
configuration may be inqxroved by the inclusion of the present inv^dive phosphor. 

A detailed constnjction of sudLHg^-emittirig device is s^^ 1: 
FEO. 1 shows a schenudic view of tiie device of tiie present inves^^ 
25 USD L LED lis positioned in a reflector cup 2. lED 1 emits light in a pattern. A phosphor 
composition 4,5 is positioned in the pattern. The phosphor composition is embedded in a 
resin 3. In tins exaix^le, reftector ciqi 2 can rno^ 
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space not previously covered by the initial li^t pattern (e.g. in the case of a parabolic 
leflector) . It is understood fliat one of ordinaiy skill in the art can provide reflector ciqp 2 in 
any shape ttiat optimizes reflection of li^ back to phosphor composition 4^ , or optimizes 
positioning of LED 1 to provide a li^ pattern for eflBorat convexsioa For exan^le, the walls 
5 of reflector cup 2 can be parabolic. 

In one embodimrat, the device further corqprises a polymer for encapsulating the phosphor or 
phosphor blend. In this embodiment, the phosphor or phosphor blend should exhibit high 
stability properties in flie ©ics5)sulant Preferably, the polymer is qptically clear to prevent 

10 gigrnficant Ij^t scattering. Ih one embodiment, the polymer is selected from tiie group 

consisting of epoxy and silicone lesins. A variety of polymers ate known in the LED industry 
for Tn^lnng 5 mm LED lamps. Adding the phosphor mixture to a liquid fliat is a polymer 
precvcrsor can perform encapsulation. For example, the phosphor mixture can be a powder. 
Introducing phosphor particles into polymer precursor liquid results in formation of a slurry 

15 (i.e. a suspension of particles). Upon polymerization, the phosphor mfacture is fixed rigidly in 
place by the encapsulation. In one embodiment, both the composition and the LED are 
encapsulated in tiie polymer. 

The use of a phoq)hor capable of absorbing a part of light emitted by the radiation source and 
20 emitting li^ of wavdength diflgsiirat fix>m tiiat of the absorbed lig^ wboein said at least one 
phosphor is an oxido-mbido-siHcate of ^neral formula 

EA2jSi5j3aN^OaajQz,whCTBmO<z^lm^ . 

conqdsing at least one element EA selected fiiom the group consisting of Mg, Ca, Sr, Ba and 
Zh and at least oxie eleoient B selected ftom t^ 
25 activated with a lanfhanide selected fix)m the groiq)COiisisting of cerium, europiuin, terbium, 
praseodymium and mixtures thereof is especially advantageous if die phosphor conq)osition is 
£^lied as a tiun film or in a small volume^ because ttiey are not sensitive to hi^ier 
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temperataies, whk^ shift together 

wifh stroiig absoiplion and consequently ve^ 

Hie phosphor conqwdsing fluorescent material may be fabricated by eventually dry blending 
5 phosphors in a suitable bidder and fh&i assign to aliquid suqi^osionniediumor the individual, 
phosphor or phosphors may be added to a liquid susp^isicHi, such as tiie nilrocellulose/butyl 
acetate binder and solvent solution used in conomocial lacquers. Many oflier liquids induding 
water with a suitable dispersant and thickener or binder such as polyethylene oxide can be 
used The phosphor containing composition is painted or coated or otherwise appHed on the 
10 LED and dried. 

Otherwise ttie phosphor or phosphors can be combined with a suitable polymer system, such 
as polypropylene, polycarbonate, or polytetrafluoroethylene, to a phosphor con^osition, 
wMch is then coated or q)pUed to flie I^D and dried, sohdifies, hard^ 
15 liquid polymer system may optionally be UV cured or room temperature cured to miniiiiize 
any heat damage to the LED. 

Otherwise a clear polymer lens made of suitable plastic such as polycarbonate or other rigjld 
transpatent plastic is molded over the LED. Lens may be fiirther coated with antirreflective 
20 IsQ^ to facilitate fig^ to escape the device. 

Although the role of phosphor grain size (mean diameter of phosphor particles) is not 
conq)letely understood, weight fractions may cfaaqge depending od a particular grain size. 
Preferably, grain sizes are less tiian IS |xm, and more preferably, less than 12 ^m, to avoid 
25 clogging of devices wMdi dispose tiiefdhoqi^^ In one CTabodimeat, tine grain aze of each 
pho^hor type varies. In certain spedfic embodiments, the grain size of 
The phosphor is less than about IQ^iXL Otiiar devices, however, can be prepared with larg^ 
grain sizes. 
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Alfhough unabsoibed light emitted from the LED cantributes to color lendmng, unabsorbed 
light can sometimes escape \vi11iout mi3dng ^th light emitted fix)m the phosphors, lesulting in a 
reduced overall eflSdency of the device. Thus, in one embodiment, the LED and composition 
5 are positioned within aieflector cup, Areflector cup can be any depression or recess 
prepared from a reflecting material By positioning flie LED and phosphor particles in a 
reflector cup, unabsaibed/uiimixedLH>-cmitted li^t can be reflected dtiierback to the 
' phosphor particles to eventually be absiorbed, oor'rnixed with li^ dtnitted from the phosphors. 

10 The function and advantage of these and otho: embodiments of the present invention will be 
more fully understood fix>m the example below. Ihe following example are intmded to 
illusbatelhebmefits of flie present invration, but do not exactrplify ttie fidl scope of the 
inventiort 

15 Exan^le 

For preparation of Sr1.96SiAl2N6O2iEuo.04 the starting materials 59,41 g (566.3 mmol) 
Sro.98Euo.020, 27.18 g (663.1 mmol) AIN and 79.43 g (566.1 mmol) St^a are thoroughly dry 
milled in an agate mortar. Affcerwards the homogenized powder is annealed for 4 h at ISOO^C 
under rdtrogeu/hydrog^ whereby the anidble conqnising the powder is put into a second, 
20 charcoatcoiitaining crudbte. 

After an inlermitteEnt milling step, the powdo: is annealed for 4 h at 16(X)°C under 

nitrp^o/hydrogptt again. 

The lesultingpowder is milled on arollorbmchfor sevo^ 

an avera^ particle size of 3 - 5 ^ol Bs quantum eSamcy is 90 % and its lumm 
25 equivalent is 1901m/W. The color point is at x = 0,64, y =0.36. 
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For rnffmifa rtiiring a white iHmmnation system based on a 460 mn emitliDg InGaN LED a 
phos^or blend comprising SiGa2S4:Ea and Sri.96Si}AtNfiO2iEi^>.04 is suspended into a 
silicone pimDSQr. A droplet of tbis sospension is dq)OsitBd onto 
subsequently polymedzed A {dastic 1ms seab fbe LED. 

5 

For manff fi^f^iwrng « white iThmimatitm systan based on a 460 nm emitting InGaN LED a 
phosphor blend conqaising (Ba*Sr)2Si04:Eu and Sr1.96SfeAljN6O2iEuo.04 is suspended into a 
sihcone pi^ecursor. A droplet of fliis suspension is deposited onto fl^ 
subsequently polymerized. A plastic Irais seals the LED. 

10 
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WHAT IS CLAIMED IS: 



1. An iUumination systsni, conqxnsiiig atadiatioii source and a fluoresceat material cQmpiang 
at least one phosphor capable of absotbiag a piart of light emitted by Ihe radiation source and 
OTiitting H^t of wavelength dffiereat finom that of the absorbed li^t; wherein said at least one 
phosphor is an oxido-nitrido-sDicate of general formula 

5 EA2^i5JBaN8^Oaaj[iz,wherein0<z<land0<a<5. 

comprisiag at least one element EA selected from the grovqp consisting of Mg, Ca, Sr, Ba and 
Zn and at least one element B selected from the group consistmg of Al, Ga and In, and being 
activated by a lanfhanide selected from the group conasting of catium, europium, terbium, 
praseodyrmum and mixtures thereof . 

10 

?, A" iniiminarinn system according to claim 1> 

wherran flie fiuorescmt material comprises a red phosphor of 

ofssDer^farnaa\3,BAQ^k^ and0<a<5 andagreenor 

15 yellow phosphor. 



20 
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3- An ji ymmfltin n fgystetn accordipg to daim 1. 
wherein the green or yellow phosphor is selected fitom the group of 
MSdEu,C3e»Cu coirpising at least one element selected from the group M = Mg, Ca, Sr, and 
5 Zn; 

MN2S4:Eu,Ctecon5aisingof atleastoneelCTo^ - 
and Zn at least one elCToent selected from the groi5>N=Al, Ga, In, Y, La, Gd, 

(Rei^iiv)3(M^Gas) sO^rCe, where 0 = r <1 and 0 = s = 1 and Re selected from Y, Lu, Sc, 
LaandGd 

10 andCBai-x-y^rxCay)2SiO4iEae,wherem0<x<l,0^y< 1 andO 

4. An iltununation system acconfing to dakn 1 , 

whesein the radiation source is a UV- or blue-onitting LED. 

5. An fllurninalion systMi according to claim 1, 

15 wherein said radiation source comprises a nitride compound semiconductor represented by 
the general fbmmla IpiGaj AUST, where 0^i^l,0^j^l,0^kSland i+j+fc=l 

6. An i liiirrnnatia n system BOCxxdiDg to daim 1, 
wheiein ^ system is a lan^. 

20 

7. An illuinination system acxxxnd^ 1, 
wherem fl)e system is a tcafiSc sign* 
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8. A phosphor capable of absorbing a part of anittBd by Hie ladialioii source and 
CTDdtting of waveOenglh dififeareait from ihat of flie absoibed ligjit; wherean said at least one 

5 phosphor is aaoxido-nitrido-silcalB of goj^ 

E/WSisJBJSr8*0.inB >\4Karan 0 < z < 1 andO < a < 5. 

compiislng at least one element Mi sela^ fem iite of Mg, Ca, Sr. Ba and 

Zh and at least one element B selected from the group conasting of Al, Ga and In, and being 
activated with a lanthanide selected &om the grqup consisting of cerium, oiropium, terbium 
10 and mixtuces thereof. 

9. A phosphor according to claim 8, 

of general formula (Sr i.^BA^ )iJS%^(Alx-bBb)JN[8^0a:(Eu,Ce)^. wherein Q^x^landO^b^ 
1. 

10. A phosphor according to claim.8,of general formula 

15 (Sri^.yBaxCay)i^i!«AlJ^8^O.:(Eu.Cte)zWherem0^y^l. 

11. A phosphor according to claim 8 

afgenezalfannnla 

12. Aphosphor acoordiDg to daim 8, 

20 whadn siHoCTi is substitatedlqr gprmaniiim. 
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ABSTRACT 

Tiiiiminatiftn ttyHtem ccmapriffliig a ladialian source and a finorescait material 

The invention is concerned wifili an illumination system^ conq^rising a radiation source and a 
fluorescent material comprising at least one phosphor c^ble of absorbing a part of li^ 
5 emittedbyfliBiadiation source and emitting li^ of wavekngto 

absoibed li^ wherdn said at least one phosphor is an oxido-nitrido-silicate of general 

fonnula 

E/WSi5^aN»*Oaiafe wherein 0 < z ^ 1 and 0 < a < 5. 

conqjrising at least one element EA sdectedfiramflie group consisting of Mg, Ca. Sr, Ba and 
10 Zn and at least one element B selected fiom flie group consisting of Al. Ga and In, and being 
activated by a lanthanide selected from flie grorp consisting of cerium, europium, tertnum. 



The invention is also concerned with a phosphor, which is an oxido-nitiido-silicatB of general 
ftjmukEAt^SisJBaNs^OaiJJz, wherdn 0 < z < 1 and 0 < a < 5. 

15 comprising at least one element EA selected ftom flie group consisting of Mg, Ca. Sr, Ba and 
Zh and at least one dement B sdected fi»m flie groiq) consisting of Al, Ga and In, and being 

activated by a lanthanide selected from tibe groiq) consisting of cerinnu europinni^ 
mixtmestheateof 
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